ABSTRACT -The objective of the present study was to assess the growth performance and carcass traits of Moxotó goat kids fed different levels concentrate (supplement) (SL) on native pasture under semiarid conditions in Brazil. Thirty-two castrated kids (15.7±0.78 kg initial BW) were allocated randomly to one of the four SL (treatment groups: 0, 5, 10 and 15 g/kg BW). When the animals of treatment group 15 g/kg BW reached 25 kg BW, the animals in the other treatments groups were also slaughtered. Therefore, the animals belonging to the 0, 5, 10 and 15 g/kg of BW were finished with 18.40, 21.04, 22.94 and 25.74 kg of BW, respectively. The concentrate supplementation positively influenced the performance and the carcass traits of animals, providing higher feed intake and thus greater weight gain. The results of cold carcass yields were 405.9, 427.0, 449.1 and 462.9 g/kg of SBW for 0, 5, 10 and 15 g/kg BW, respectively. The weight of the different commercial cuts, (neck, ribs, shoulder, loin and leg) increased linearly as the SL increased; however the yields of the carcass cuts were not influenced, except for the shoulder. Overall, the distribution of non-carcass fat increased as SL increased, with the exception of mesenteric fat yield, which was not influenced. The use of concentrate supplementation to Moxotó goats under grazing conditions on native rangelands of the Brazilian semiarid improves the performance of animals and carcass yield, but does not affect the yields of commercial cuts of Moxotó growing goats.
Introduction
Indigenous goats play an important role in the semiarid region of Brazil as a biological resource with great genetic variability and historical value. In addition, they are a source of animal protein of high biological value, available to people of low income. Goat breeding in the Brazilian semiarid is characterized mainly by indigenous animals raised extensively on native pastures where the nutritional needs of animals are entirely met by using natural pastures. Thus, forage represents the main and most economical source of nutrients for goats in this region, which are affected by the seasonality of forage production.
In developing countries, because of the low productivity of indigenous breeds and inadequate environmental circumstances in traditional farming systems in rural areas, solutions must be aimed at genetic improvement (genetic selection and crossbreeding), development of new feeding strategies and improvement of farming systems (Gökdal, 2013) . Thus, successful livestock production requires the application of strategies that optimize the use of the environment and available nutrient sources so as to capitalize on the production potential of livestock. For the effective use of native pasture, supplementation is needed in order to meet the nutritional requirements of goats, especially for the small producer (Kanani, 2006; Silva et al., 2010) .
In the Brazilian Northeast, the body weight of goats is a sales parameter. According to Mattos et al. (2006) the body weight of goats traditionally sold for slaughter varies from 25 to 30 kg BW, resulting in average carcass weights of 12 to 13 kg, usually from animals over one year-old. Nevertheless, production and sale of kids is not well organized among the goat breeders. There is no standard method for raising and fattening kids to improve the quality and quantity of meat. The production is completely dominated by the traditional and natural conditions in this system. In addition, the lack of standards for commercial cuts constitutes one of factors that interfere with goat carcass sales.
Several studies have been conducted to characterize the growth and carcass and meat traits of goats under intensiverearing conditions. Therefore, more studies are needed to improve our knowledge of growth and carcass traits of R. Bras. Zootec., 43(3): [151] [152] [153] [154] [155] [156] [157] [158] [159] 2014 indigenous goats in different conditions. The objective of the present study was to assess the performance and carcass traits of Moxotó goat kids fed different concentrate levels on native pastures in semiarid conditions in Brazil.
Material and Methods
The experiment was conducted at the Experimental Station of Universidade Federal da Paraíba -UFPB, located in the municipality of São João do Cariri (Paraiba State, Brazil) Thirty-two Moxotó castrated kids with average initial body weight (BW) of 15.7±0.78 kg and approximately at about four months old were used. The kids were allocated randomly to four treatments that consisted of four concentrate supplementation levels (treatment groups: 0, 5, 10 and 15 g/kg BW). These kids were pair-fed in eight slaughter groups. A slaughter group consisted of one kid from each treatment, and they were slaughtered when the animals from group 15 g/kg BW reached 25 kg BW.
The animals had access to native pasture from 7.00 h to 16.00 h, when they were allocated to a pen equipped with individual stalls of 2.0 × 1.0 m, without coverage, with ground floor, to receive the supplementation. The animals had free access to drinking water, and the collective fountains were located at the management center and the experimental concentrate was the same for all treatments, only varying the amount offered to the animals once a day (16.00 h). The refused feed was weighed, recorded and sampled in the morning of the next day. The amounts of ingredients and nutrients of the experimental concentrate (Table 1) were calculated according to the NRC (1981) so as to provide a growth rate of 150 g/day for the animals with 15 g/kg BW supplementation level. To control the growth and adjust the concentrate supply, the animals were weighed weekly, before feeding, with a scale with precision of 0.1 kg.
The experimental area was composed of two paddocks of approximately 8 ha each. The occurrence percentage and the availability of botanical components analyzed in the experimental area during the trial were estimated by Gonzaga (2007) , demonstrating the predominance of Panasco grass (Aristida setifolia. H.B.K.) with 450.04 g/kg, followed by Marmeleiro (Croton sonderianus Muell.Arg.), with 120.79 g/kg, and other grasses with 86.8 g/kg. The percentages shown for the other components were 45.9 g/kg Pinhão roxo (Jatropha gossypiifolia L.), 61.9 g/kg Malva branca (Sida cordifolia L.), 51.6 g/kg Catingueira (Caesalpinia pyramidalis Tull.), 68.8 g/kg Pereiro (Aspidosperma pyrifolium Mart), 58.3 g/kg Cacti, 14.6 g/kg other shrubs and 33.9 g/kg other herbs. The average availability was estimated at 1.350 kg of natural mass/ha.
The concentrate was fed at approximately 16.00 h aiming to condition the animals to gather in a specific area for assessment purposes. Concentrate was normally rapidly consumed; in case it rained, concentrate remainders were collected and offered the next day before releasing the animals for grazing. Animals were individually tagged by numbered rings. During the pre-experimental period (15 days) the animals were given worm medication which was repeated every 90 days during the seven months of the experiment.
In addition to the performance and carcass assessment, a trial to estimate the dry matter intake (DMI), chemical composition and in vitro digestibility of diet of the animals on pasture was conducted. Eight animals canulated in the esophagus with an average weight of 25.83±4.48 kg BW were used in a double Latin square design (4 × 4). The trial comprised four periods: each period had 28 days of adaptation to the diet and eight days for data collection. The canulated animals received the same feeding supplementation levels as the other animals in the experiment. The statistical model used in the DMI-estimate trial was the following:
in which Y ijkl = observation of goat j in period k, subjected to treatment i, with i, j, and k = 1, 2, 3, 4; μ = overall effect of the mean; Q l = effect of the Latin square, with Q l = 1,2; T i = effect of treatment i; P k = effect of period k; A (j)l = effect of goat j in square l; QT li = interaction of the effect of Latin square l with treatment i; and ξ ijk = random error associated with each observation Y ijkl . The extrusa collection was held for eight consecutive days, in alternating shifts, forming four full collection days for each animal (4 mornings and 4 afternoons). During the morning collection, the fistulated animals (held in sheds) were subjected to a previous feed deprivation period of approximately 12 hours before sampling with salt-mineral water ad libitum. In the morning, the cannulas were removed and coupled to the extrusa collecting bags, which were made of synthetic leather with a nylon mesh bottom to reduce excess saliva. The grazing period was approximately 40 minutes. After sampling, the animals were driven back to the management center for the removal of bags and placement of cannulas, and then they were released in their paddocks. For the afternoon collection, the animals were removed from the pasture 4 hours before sampling to avoid regurgitation and contamination of the experimental samples; then, the same procedures as those of the morning collection were performed.
The extrusa samples were made taking into account the experimental period and the animal. The chemical composition of the extrusa was 231.1 g/kg of dry matter (DM), 460 g/kg of in vitro digestibility of DM, 113.0 g/kg of mineral matter (MM), 123.4 g/kg of crude protein (CP), 36.1 Mcal of gross energy (GE)/kg DM, 538.5 g/kg of neutral detergent fiber (NDF), 451.2 g/kg of acid detergent fiber (ADF) and 176.5 g/kg of lignin.
The pasture DMI was estimated through the total feces excretion and DM digestibility of diet, as follows:
The total feces collection was performed using collecting bags attached to animals, collected in the early morning (7.00 h) and late afternoon (17.00 h). After the material from each bag was homogenized, aliquots of 200 g/kg of total excreted for 24 hours were removed to form samples per animal and period, which were wrapped in properly identified plastic bags and frozen.
After the experimental period, samples were thawed, weighed and dried in a forced-ventilation oven at 55 ºC for 72 hours, and ground through a 1-mm screen Wiley mill (Arthur H. Thomas Co., Philadelphia, PA). The in vitro DM digestibility was determined on an artificial rumen (DAYSE II; ANKON Technology Coorp., Fairport, NY) based on methodology adapted from Tilley and Terry et al. (1963) .
The DMI values of the fistulated animals (kg 0.75 of BW) were regressed against the supplementation levels (SL = 0, 5, 10 and 15 g/kg BW), generating the equation: The total DMI was equal to the sum of pasture intake plus the concentrate intake. The ingredients and extrusa were analyzed for DM (AOAC, 1990 ; method number 930.15), mineral matter (AOAC, 1990; method number 924.05) and crude protein (AOAC, 1990 ; method number 984.13). The gross energy (GE) was determined using a Parr bomb calorimeter (Parr Instrument Co., Moline, IL) and the digestible energy (DE) was determined from the GE of the feed consumed (extrusa and concentrate) and feces. The metabolizable energy was estimated as 82%, considering the DE (NRC, 1989) . Neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin (sequential procedure described by Van Soest et al., 1991) without sodium sulfite or amylase, except in the corn grain, were obtained using the fiber analyzer of Ankom Technology Corporation (Macedon, NY, USA), without correction for residual ash.
The goats were weighed pre-fasting and after having fasted for 16 hours, but with access to water. Shrunk BW (SBW) was measured immediately before slaughter. The goats were slaughtered and dressed down using standard commercial techniques. At slaughter, the kids were stunned through brain concussion, and killed by exsanguination using conventional humane procedures. Following skinning and evisceration, the digestive tract was emptied and weighed to obtain empty body weight (EBW) and the real or biologic yield (BY) of the carcass according to the methodology described by Silva Sobrinho (2001):
The hot carcass comprised the body after removing the skin, head, fore feet (at the carpal-metacarpal joint), hind feet (at the tarsal-metatarsal joint), viscera and fat depots. Internal organs (kidneys, liver, heart, lungs, spleen and R. Bras. Zootec., 43(3):151-159, 2014 pancreas) and fat depots such as scrotal fat, pelvic, kidney and gut fats (omental + mesenterict) were also removed. The hot carcass yield (HCY) was defined as the HCW expressed as a percentage of SBW, as follows:
The total edible proportion (TEP) was the SBW minus the contents of gastro-intestinal tract, skin, head, feet and lungs and trachea.
Cold carcass weight (CCW) was measured after 24 hours of chilling at 4 °C. At the end of this period, the cold carcass yield (CCY) was defined as the CCW expressed as a percentage of SBW, calculated as follows:
Chilling and fasting losses were calculated as follows:
The carcass length (caudal edge of the last sacral vertebra to the dorso-cranial edge of the atlas) was measured (CL, cm). Carcass compactness was defined as the ratio of cold carcass weight to carcass length (CC, kg/cm = CCW, kg/CL, cm).
After removing the tail at the last sacral/first coccygeal vertebrae articulation, the cold carcass was split along the dorsal mid-line with a band saw. The left half of the carcass was partitioned into leg, loin, ribs, shoulder and neck according to the procedure of Colomer-Rocher et al. (1988) . The leg from the right half of each carcass was dissected and the tissues were separated to estimate the total carcass composition in terms of lean (muscle), bone and fat.
The experimental design was completely randomized, with four treatments, according to the statistical model:
in which Y ij = value observed in the plot that received the treatment i in the repetition j; μ = overall mean of the population; t i = effect of treatment i; and e ij = random error.
The statistical analyses were performed using the SAS (Statistical Analysis System, version 9.0). The data were tested for homogeneity of variances through Bartlett's test (PROC GLM) and normality of errors through the Shapiro-Wilk test (PROC UNIVARIATE), prerequisites for the analysis of variance. Procedure PROC MEANS was used to obtain the means and standard error. For the linear regression analyses we used the model y = a + bx, which shows the behavior of the dependent variable y as a function of the independent variable x, using procedure PROC REG, and significance was declared if P<0.05.
Results
Supplementation positively influenced the performance of animals, providing higher feed intake and therefore greater weight gain (Table 2 ). Although one of the animals that received no supplementation died during the experiment, all unsupplemented kids showed an increase of 143 g/kg in the final BW, whereas the kids receiving the highest level of supplementation gained about 390 g/kg BW ( Table 2) .
The DMI values obtained in the present study varied from 569.67 to 789.80 g/day, from 33.3 to 37.9 g/kg of BW and from 67.91 to 81.80 g/kg 0.75 /day. Final weight, ADG and feed efficiency were positively and linearly influenced (P<0.001) by the supplementation levels (Table 2) .
Carcass traits increased linearly as the supplementation level increased, except for chilling and fasting losses (Table 3 ). In the present study, cold carcass yield varied from 405.9 to 462.9 g/kg SBW for 0 and 15 g/kg BW of supplementation, respectively.
In this study, the total edible proportion ranged from 616.5 to 682.7 g/kg of SBW. Chilling and fasting losses were not affected by supplementation levels, averaging The increase in carcass weight as supplementation levels increased reflected in increase in the weight of commercials cuts (neck, ribs, shoulder, loin and leg). However, the proportions of the primal cuts were similar, except for the shoulder, which deceased as supplementation increased (P<0.003; Table 4 ). The data on weights of wholesale cuts of the left half-carcass indicated that as supplementation increased, the goats yielded better carcasses with more developed leg, neck, ribs, loin and shoulder.
The proportions of muscle showed a quadratic effect, fat increased linearly, and bone decreased linearly as the kids increased the weight of their leg in response to the elevated supplementation level (Table 5) . The results show a linear increase in the muscle mass in relation to bone tissue as the weight of the leg increased; muscle: fat and bone:fat ratios decreased linearly. During the leg dissection, the tissues not identified as muscle, bone or fat were classified as other tissues and included in the leg weight recomposition; however, they were not assessed, which is why the total percentage of muscle, bone and fat did not reach 100%.
The non-carcass fat contents of Moxotó goats increased as the supplementation level increased, with the exception of mesenteric fat yield, which was not affected (Table 6 ). Regarding the total non-carcass fat, mesenteric fat showed a greater proportion in the animals fed 0, 10 and 15 g/kg of BW concentrate. On the other hand, in the animals that received the highest level of supplementation, omental fat was the main deposit represented in total noncarcass fat. 
Discussion
In this study, supplementation improved the performance of goats, and this response contemplates in part the objective of providing supplementation at pasture, which should facilitate the synchronization of nitrogen and carbohydrate degradability in the rumen and increase the supply of nutrients for absorption in the small intestine (Yue-ming et al., 2005) , which in turn may result in better animal performance. However, the type and quantity of supplement offered may affect forage DM intake. Therefore, the need for supplementation in forage-based systems is a direct response of the insufficient amount of nutrients in the forage.
The results found for weight gain are similar to that found by Carvalho Júnior et al. (2011), who assessed the effect of supplementation on the performance of F1 (Boer × females of no defined breed) goats finished on native pasture using the same supplementation levels and range of BW used in this research. In their evaluation, Carvalho Júnior et al. (2011) The average daily gain (ADG) obtained in this experiment can be considered similar to the weight gain of goats reared in the desert as in the findings of Ahmed et al. (2001) , who studied 4-month-old kids of Black breed goats in the Sinai region located in Northern Egypt. In this case, the extensive system was applied, which resulted in a weight gain of 67 g/day.
The low weight gain in this study can be explained by pasture quality and that is confirmed by the extrusa composition and demonstrated by diets with low apparent digestibility coefficients of gross energy and crude protein, resulting in low intake of nutrients. In addition, the low ADG obtained in this study must be related to pasture quality and to the stocking rate of 4 goats per ha. The stocking rate used may be considered high, since the recommended values are 1 to 2 animals per ha (Araújo Filho, 2006) , resulting in lower feed availability and also low forage quality (DM digestibility = 460 g/kg) obtained from the extrusa. In this case, factors impacting carcass quality were intrinsic. Feeding regimen is a determining factor in various carcass aspects and performance, especially when assessed for certain breeds (Boggs et al., 1998; Daskiran et al., 2010) . Another factor that can account for low ADG, in addition to the utilized production system is the fact that the Moxotó breed used in this study did not possess the genetic potential for weight gain, that is, was not selected for meat production as are some goat breeds considered cosmopolitan for their intense selection in the obtainment of precocious animals. In the case of animals selected and raised in feedlot, weight gain result may improve and that has been demonstrated by Sheridan et al. (2000) , who worked with Boer goats in a feedlot system in South Africa with ADG of 162 g.
Usually the concentrate feed is not given to animals during the growth period. According to the results of the present study, additional feeding to grazing could be useful to provide better growth rate and final weight to goat kids. Intensive fattening of kids is not a widespread practice in the Brazilian semiarid region, except in scientific experiments. However, according to the present results, concentrate feed given to animals at least in addition to grazing can increase the growth rate of kids.
The values found for cold carcass yield are in agreement with the values reported for various goat breeds worldwide. In previous studies (Kadim et al., 2003; Daskıran et al., 2006a,b; Yañez et al., 2006; Yılmaz et al., 2009; Yılmaz et al., 2010; Gökdal, 2013) , the dressing percentage (CCY) of kids had been reported to be around 371-492 g/kg in different goat breeds. In the present study dressing percentage of the Moxotó kids was similar to the previous reports obtained for the same genotype under intensive fattening (Mattos et al., 2006) .
As suggested by Gökdal (2013) , different goat carcass dressing percentages may be attributed to differences of age and rearing conditions. In addition, the dressing percentage may vary depending on head weight (presence of horns) skin weight (presence and weight of hair), and other variables (slaughter method and practice, relative to hot carcass weight, cold carcass weight, full body weight, empty body weight or slaughter weight) taken into account in the calculations of researchers. Besides heavier carcasses and increased carcass fat, a higher plane of nutrition also typically results in a higher dressing percentage.
Total edible proportion could be a more useful criterion for comparing yields by breed and production practices. Sebsibe et al. (2007) reported comparable yields of total usable products ranging from 609 to 638 g/kg of SBW for Ethiopian goat breeds. Chilling and fasting losses values are similar to those found by Mattos et al. (2006) for Moxotó and Canindé goats at similar BW. Chilling losses ranging from 23 to 87 g/kg of HCW have been reported for different goat genotypes and weights (El Khidir et al., 1998). Attah et al. (2004) reported that decrease in exposed surface area as carcass weight increased and more efficient insulation due to increased fatness may be responsible for the protection against dehydration. This fact was not observed in this study.
The influence of carcass weight on linear measurements and compactness indices, conformation, and subcutaneous fat has been widely reported and explained by the differential growth rates of bone, muscle and fat (Álvarez et al., 2013) . Mourad et al. (2001) reported a higher compactness index (0.19 kg/cm) than the present finding, which was mainly due to the shorter carcass length of West African Dwarf goats.
The increase in carcass weight as supplementation levels increase reflected in increased weight of commercials cuts (neck, ribs, shoulder, loin and leg). However, the proportions of primal cuts were similar, except for shoulder. This similar behavior was reported by Mattos et al. (2006) and Grande et al. (2011) . These findings reinforce the law of anatomical harmony (Boccard and Dumont, 1960 cited by Siqueira et al., 2001) , which states that in carcasses with similar weights and amounts of fat almost all body regions are in similar proportions regardless of the considered conformation of genotypes.
The proportion of the shoulder decreased with increasing carcass weight. Colomer-Rocher et al. (1992) found similar results, while Pereira Filho (2008) found that proportion of shoulder and neck linearly decreased as the cold carcass weight increased, obtained by rearrangement of the weights of commercial cuts. This could be explained because the Moxotó breed has a variation in breed standards. That is, in herds with high genotype and phenotype variations there is no oriented selection for meat production, therefore longlegged animals or shorter animals as well as smaller or elongated animals can be found.
The data related to physical composition and muscle: bone, muscle:fat and bone:fat ratios agree with those found in the literature, which has documented that the percentage of bone decreased significantly with age and weight while the percentage of fat increased. Overall, Moxotó kids had lower proportion of muscle in the leg, greater proportion of bone, similar proportions of fat and lower muscle:bone ratio, as compared with Boer crossbred (Boer × Saanen) kids studied by Pereira Filho et al. (2008) , considering similar leg weights between genotypes.
The fat distribution in the goat carcass is quite different from other ruminant species such as sheep, because most of it is extracted in the evisceration process. In goats, about 450 g/kg of body fat is stored in the viscera, while bovine and sheep store only 250 g/kg (Potchoiba et al., 1990) . In addition, according to Mendizabal et al. (2007) , goats have higher fat deposition ability as well as visceral fat mobilization, and subcutaneous, intermuscular and intramuscular fat deposition in lower proportion, and that reflects the lower carcass yield in goats when compared with lambs.
The internal fat is highly variable and can be influenced by genotype (Rodrigues et al., 2013) , nutrition (Bezerra et al., 2010) , age, slaughter weight (Al-Owaimer et al., 2013) , physiological condition, and physical activities (Solaiman et al., 2011) . Higher visceral fat deposition can be explained by its more intense vascularization. Kozloski et al. (2001) reported that goats in warm climates have their visceral areas more irrigated, facilitating fat deposition and utilization, especially in cases of insufficient energy, diet limitation and intake reduction, functioning as a thermoregulatory mechanism. The purpose of these physiological changes results in glycogen synthesis, in which glucose molecules are added to chains of glycogen for storage (Voet and Voet, 2006) . In this study, deposition of total non-carcass fat practically doubles its impact when compared with carcasses resulting from the lack of use of concentrate at a higher supplementation level, demonstrating that concentrate intake tends to increase non-carcass fat especially in indigenous animals.
Fat is the non-carcass component that most changes according to the feeding type. The larger amount of mesenteric fat is considered by Monte et al. (2007) a positive aspect, since it is an energy reserve that can be used by the animal during the dry period, which reduces the degradation of muscle protein during this time of year.
Supplementation with concentrate may be an alternative for increasing the growth rate of the animals and improving the stocking rate in the same area, due to the replacement of part of forage intake by supplement intake. This will allow for an improvement in production per unit area. Another aspect to be noted is that the supply of supplement can provide reduction in slaughter age and length of stay of animals on the property, which will allow for an increase in the speed of capital turnover. The findings suggest that supplemental feeding should be made in order for goat kids to achieve a good growth rate and produce good-quality carcass in rural conditions.
Conclusions
The use of concentrate supplementation for Moxotó goat kids grazing on native rangelands of the Braziliansemiarid Caatinga results in better growth rate and final weight as well as improved carcass yields; yet, it does not affect the yields of commercial cuts. In addition, lower nutritional intake also provides Moxotó goats with desirable carcasses.
